INTRODUCTION

1
It i s t h e purpose of t h i s paper t o d e r i v e a closed s e t o f '
I e q u a t i o n s descz-ibing the behaviour of a p a s s i v e r e a c t a n t when i t s concentratj-on 
make use of t h e Lagrangian His t o r y D i r e c t I n t e r a c t i o n (L ~H.D. I .) c l o s u r e which was devised by ~r n i c h n a n l f o r h i s s t u d i e s of t h e dynamics of turbulence and turbulent
I convection. The approximation has been applied t o other s t a t i s t i c a l
, p r o b l e m i n ~h i c h t h e r e e x i s t noil-zero means2 and i t appears t o b e t h e most
promising of e x i s t i n g c l o s u r e s f o r d e a l i n g with t h i s class of phenomena. S~b s e q x n t r e f e r e n c e t o t h i s paper w i l l be by t h e l e t t e r K and, where a p p r o p r i a t e , an equation number taken from t h a t paper. For exanple, t h e non-reacting scalar f i e l d equations using a g e n e r a l i z e d f i e l d is given by where D i s t h e k i n e m a t i c d i f f u s i v i t y , and u ( x , t l r ) i s t h e generalized
. .
--v e l o c i t y f i e l d which may be defined as t h e v e l o c i t y ~e a s u r e d a t time r w i t h i n i
\ t h e f l u i d clement x h i c h p a s s e s through t h e p o i n t x a t t i n e t . S i m i l a r l y , -g(x, t 1 r ) i s t h e v a l u e of t h e s c a l a r f i e l d (e.g. c o n c e n t r a t i o n ) measured a t -t h e r i n t h e f l u i d element which passes through t h e p o i n t x a t t i m e t .
The a p p r o p r i a t e e q u a t i o n s f o r t h e g e n e r a l i z e d eoncentration f i e l d + i n t h e c a s e of a second o r d e r r e a c t i o n a r e K(2.10), K(2.11) and the f o l l o w i n g r e p l a c e n e n t f o r K(2.9)
.. -
It i s p e r t i n e n t t o decompose t h e f i e l d $ ( x , t ( = ) i n t o a rnem and a f l u c t u a t i n g component where s t a t i s t i c a l h o m g e n e i t y h a s been assumed. aad the suzbcq %f me::Rs i n t e g r a t i o n over all' triangles p 4-q = k.
-. " - The set o f . e q u a t i o n s (4 -8) -(4.18) form a complete s e t which enables p u r e i a g r a n d i a n q u a n t i t i e s t o be c a l c u l a t e d when ~( k , t l s )
,~( k , t~l t~) and -r ( t o ) "re s p e c i f i e d .
.
The D i r e c t I n t e r a c t i o n equations of t h i s same problem f o r purely I 3 E u l e r i a n q u a n t i t i e s have been presented elsewhere by Lee . It i s important t o I n o t i c e t h a t i n t h e c a s e of z e r o turbulence the problem reduces t o t h a t of a 
It a l s d means t h a t previous investigations of the s t o c h a s t i c a l l y d i s t r i b u t e d r e a c t a n t case reinain v a l i d i n the A * L * H * D -I
a P p r~x i r n a t i o n . Finally, it is easy t o see by refracing the derivations of
of s e c t i o n 3 and 4 t h a t i n t h e same l.iait of zero turbulence the L.H.D.I. a p p r o s h e t i a n c o i~c i d e s i d e n t i c a l l y with the G.L.H.D. I. approximation. farhaps t h s e a s i e s t way t o i n d i c a t e why this occurs i s t o n o t i c e t h a t
1 . I l a h e l l h~g times p l a y only a para%ecf?ic ro1.e i n t h e expressions f o r R and Q. 
. EQUATIOXS --
In t h i s s e c t i o n we p r e s e n t t h e A.L.H.D.I. equations as they.apply t o a p a r t i c u l a r class of s t a t i o n a r y i s o t r o p i c v e l o c i t y f i e l d s and an i n i t i a l scalar s p e c t r m . It is our purpose ultimately, but not in t h i s manuscript,
L t o conpute numerically the s p e c t r a l evolution f o r j u s t t h i s s i t u a t i o n . We will be p a r t i c u l a r l y i n t e r e s t e d i n t h e l i n i t . o f no molecular d i f f u s i o n I
I (D E 0) as a very discriminating test of t h e approximation seens t o be p o s s i b l e there and t h e follor.ling d e f i n i t i o n s 2nd choices of dimensional groups are made
' with these r e q u i r e i~e n t s i n mind'. .scussion of these spectra can be found i n t h e 5 l i t e r a t u r e , although i t rmst be remembered t h a t t h e velocity function ~( k , t l r )
is now Lagrsngizn r a t h e r than k l e r i a n and the s t a t i o n a r i t y evident i n its
. * -.
d e f i n i t i . o n above i s a Lagrangian s t a t i o n a r i t y . That any r e a l t u r b u l e n t f kid wculd exhibit a p p r o x h a t e Lagrangian s t a t i o n a r i t y i s highly u n l i k e 1 y , ' b u t i t i s n o t our purpose h e r e t o u s e t h e equations t o exmifie a r e a l s i t u a t i o n .
I i '
There a r e sohe g e n e r a l p r o p e r t i F s t h a t t h e equations should e x h i b i t f o r any I kinematical1.y a l l o w a b l e v e l o c i t y f i e l d and i t i s t h e s e p r o p e r t i e s f o r which we 1 w i l l be t e s t i n g subsequerrtly . I f t h e equetiorls f a i t h f u l l y preserve t h e s e general. p r o p e r t i e s , it may then be p e r t i n e n t t o t r y t o e s t a b l i s h more r e a s o n a b l e Lagrangian v e l o c i t y f i e l d s and t o explore t h e i r r o l e i n mixing and i n exrhancing r e a c t i o n r a t e s . The integration of such a set of equations would proceed tn exactly 1 the sane way as that developed for the D. I. equatians with one important I exception. I n the D.I. equations the diagonal terns i n the ( t , t t ) matrfx are 1 I computed by. using the s p r ; e t r y of ~( k , t ,
Then t h e D.I. equations s p e c i f i c a l l y s t a t e how S (k, t-t-At, t+At) i s t o be computed f r o n S(k,t,tt-bt).
Howewer, t h e A.L.H.D.I. equation f o r s ( k , t l t r ) is only v a l i d f o r t > t' s o t h a t although symraetry in t and t ' s t i l l holds,
it is of no value t o t h e computational program. Instead explicit use must be nade of (5.2) whereby S(k,t-t-At,t-kAt) can be a i r e c t l y computed once S ( k , t , t ) and S(k, equations.
An important property of t h e exact equations which can be demonstrated e a s i l y from (2.1) and which i s immediately evident on physical grounds i s t h a t ; I when D E 0 a l l s i n g l e point f u n c t i o l r s u f t h e concentration f i e l d decay a t a r a t e independent of t h e turbulence. Since t h e turbulence plays no d i r e c t r o l e i n i decreasing s c a l a r i n t e n s i t y , but only a l t e r s t h e s c a l e of the concentration f i e l d , and s i n c e t h e r e a c t i o n term has no dependence on s c a l e , i t i s evident 
approximation o r i n t o any o t h e r s o t h a t i t i s pertinent t o ask of any closure whether it does i n f a c t s a t i s f y t h i s f u r t h e r icvariance.
5 W e have shown elsewhere by numerical computation t h a t Direct I n t e r a c t i o n i s s e r i o u s l y inadequate i n t h i s regard, which i s perhaps not 
I
I n t h i s s e c t i o n we prove t h a t t h e L.H.D.I. approximation does i n f a c t 1 guarantee t h e exact preservation of t h e invariance described above. Specifically . , , t 1 ) is the response measured a t time r i n the I i f l u i d element which is a t x . . , a t time t t o a perturbation i n the scalar f i e l d applied at time r' t o t h e f l u i d element which i s a t x ' a t time t ' and since --.
t h e o n l y mechanism which t r a n s f e r s s c a l a r q-aantity from one element t o another a + -~( k , t l r , t l r ' ) = ~( k , t l r , t l r ' ) + H ( k , t l r , t l r l ) , a t which i s i d e n t i c a l l y s a t i s f i e d by (6.1) independently of t h e velocity f i e l d s p e c t r a l description.
The equation f o r 7 ( t ) can be obtained by integration of (4.2) overall i wave numbers. I n t h e absence df molecular d i f f u s i o n t h e result. is
where t h e invariance K (5.13) has been used t o eliminate t h e d i r e c t e f f e c t s where t h e g e n e r a l i z a t i o n T ( t 1 s ) = I k 2 @ ( k , t 1 t , t 1 s ) d k has been made and where 0 7 ( t ) h a s been w r i t t e n T ( t 1 t ) f o r n o t a t i o n h l convenience. The e q u a t i o n f o r T ( t 1 r ) i s , from (4.3), F i n a l l y , t h e e q u a t i o n f o r G ( t 1 r ) i s obtained from (4.6) 2nd (3.5). The set of e q u a t i o n s (4.1) (6.3) (6.4) and (6.5) a r e closed and e n t i r e l y independent of t h e v e l o c i t y f i e l d s p e c i f i c a t i o n . They determine t h e behaviour of y ( t ) , and T ( t ) i n terms of t h e i r i n i t i a l d e s c r i p t i o n s . On multiplying (2.4) by y, t a k i n g a n ensemble a v e r a g e and comparing t h e r e s u l t with (6.3) i n ( 6 -6) to and a l l terms i n t h e i n t e g r a n d a r e determined independently of t h e v e l o c i t y I 1 f i e l d . F i n a l l y w e remark t h a t t h e above arguments apply equally well t o the a b r i d g e d form of t h e e q u a t i o n s d e r i v e d i n s e c t i o n 4 so t h a t they too preserve t h i s p a r t i c u l a r i n v a r i a n c e .
